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INTRODUCTION
Objectives
The objectives of this investigation was to determine the effects
of ingested pentachlorophenol (PCP) on immunological parameters in mice.
Specific immunotoxic effects of PCP were determined using the results of
total and differential white blood cell counts, electrophoretic serum
protein profiles, hemagglutination antibody titers, Jerne plaque assays
of antibody- form ing cells, and lymphocyte stimula·ci on assays.
~vivo

Combined

effects were ascertained by observing any alteration in the

susceptibility of mi ce when challenged by a Gram negative pathogen.
Background
The diverse i ndustrial and agricultural application of
pentachlorophenol re sults in the ex pos ure of a large · fraction of the
population to this pesticide.

It is used as a fungicide and/or

bacteriocide in the processing and preservation of leather, rubber,
fabrics, and cellulosic products; as an insecticide to control termites
and wood-boring insects in the construction and lumber industry; and as
a herbicide, defoliant, and preharvest desiccant in agriculture.

Use of

PCP has been steadily increasi ng to the poi nt where over 48 million pounds
were used in the United States in 1974 (1) .

This intense level of usage

makes it important to establish the environmental fate of PCP and the
effects it may elicit as it enters an animal system.
Documented contamination of air, water, and soil and the resulting
contamination of food wi th PCP al lows many routes by
· the body.

These inc lude:

w~ich

it may enter

ingestion (4), inhalation (15), and absorption
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through the skin (39).

Due to increasing utilization and contamination

and the various means of exposure, it is not surprising that PCP residues
have been detected in human urine (4), birds (56), fish (16), swine
confined to PCP-treated farrowing pens (6), and cattle housed in barns
where PCP had been used as a wood preservative (41).
Toxicological studies of pure and commercial grade PCP were made
comparing their effects on rat liver function and embryonal and fetal
development.

It was concluded from these studies that various toxic

effects of PCP exposure could be attributed to either the contaminating
chlorinated dibenzodioxins and dibenzofurans, to PCP itself, or to both
acting in concert

(25,34).

Work on other pesticides and their effects on the hematopoietic
and lymphoid systems have been performed . (l8).

Studies on lymphoid

organs, total and differential white blood cell counts, serum protein
profiles, humoral and cell-mediated immunity, and resistance to a
bacterial challenge have been reported.

Studies have indicated that

widespread use of these compounds may result in a potential for
immunosuppression.

Such information provided the basis for this

investigation.
Rationale
.Existence of PCP residues in an imal and human specimens documents
the reality of exposure to both agricultural and urban communities.
Accidental and occupational poisonings of humans and livestock usually
manifest various nonspecific symptoms with extensive exposure resulting
in early coma and death (3).
PCP toxicity.

Apparently there is not

a target

organ for

In the eve nt t hat t he hematopoietic and/or lymphoid system
~
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are affected by subclinical exposure, an individual could be more
vulnerable to disease, infection, and malignancy without demonstrating
signs of overt toxicity.

Such a reduced immunological reactivity could

explain the general unhealthy appearance ·and poor weight gains reported
in farm animals exposed to PCP.

Should . this be true, PCP exposure

would then pose a potential health problem for humans as well.
Significance
. Determination of the effects of PCP on the hematopoietic and/or
lymphoid systems could benefit an urban dweller as well as an
agriculturalist.

Awareness of health problems which result from PCP

usage would allow a farmer to anticipate financial loss due to poor
weight gains.

Further it would allow for assessment of the cost-benefit

of this pesticide's use.

Increased awareness of where these problems

exist would help extension agents recommend suitable methods to monitor
and apply PCP for the reduction of livestock losses.

These safeguards

would ultimately help protect both humans and animals against potential
immunotoxic hazards.
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LITERATURE REVIEW
Introduction
Many agricultural and industrial chemicals have recently been the
object of heightened concern due to the environmental impact of their
usage.

Other investigations have addressed the overall toxicity of PCP

and/or its contaminants and these will be briefly reviewed.

The main

purpose of this investigation and review, will be to describe the current
research being conducted on the effects of commonly used pesticides,
including PCP, on the hematopoietic and lymphoid systems.
1.
1.1

Pentachlorophenol
Chemical and physical properties of pure PCP
Pentachlorophenol is a fully chlorinated phenol.

Its structure

is illustrated in Figure 1.
Figure 1.

OH

Clo~ Cl

Cl

h- Cl
Cl

Pure pentachlorophenol is a white solid with needle-like crystals
that is practically insoluble in water.

It is soluble in most organic

solvents, oils, and petroleum which makes it compatible for inclusion
both in many pesticide formulations and body lipids.
co11111on routes of exposure to pesticide fonnulation:
ingestion, and inhalation.

There are . three
direct contact,

The appreciable vapor pressure (20° to 100°C)

of 0.00011 to 0.12 mm Hg permits the aerosolization of PCP and potential
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exposure via inhalation exposure (3).
1.2 Metabolism
Very little research has been performed with regard to the
metabolism of PCP.

It is known that the elimination of ingested PCP and

its metabolites occurs primarily via the kidneys, through the processes
of gastric and biliary secretion, and that it is subsequently excreted
in the urine (22).

Intraperitoneal or subcutaneous injection of

14C-pentachlorophenol in the mouse was found to have a rapid absorption
and excretion activity.

About one-third of the amount injected was

excreted in the urine where both unchanged PCP and conjugated PCP forms
were found.

No carbon dioxide was formed and tetrachlorohydroquinone

(TCH) was the only breakdown product detected.

Remaining PCP was

localized primarily in the stomach and intestines (5%), the muscle (5%),
and the blood (4%), while smaller amounts were found in other organs,
such as the liver and gall bladder (1-2%) (22).
1.3 Toxicity of PCP contaminants
Despite the wide usage of PCP, the effects of this compound on
the liver, an organ important for its detoxification ability, has received
relatively little attention.

In 1975, Kimbrough and Linder compared the

effects of either ingested technical grade or 99% pure PCP on rat liver
(25).

All of the exposed rats had a statistically significant enlargement

of the liver at the end of the 90 day feeding period of 1000 ppm PCP.
Livers of rats fed the purified PCP showed enlarged hepatocytes with many
inclusions; -whereas heptocytes from rats fed technical PCP had, in
addition to the inclusions, foamy cytoplasm or pronounced vacuolation and
a slight interstitial fibrosis.

Additional liver changes that also
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occurred included a brown pigment in macrophages, more hepatic porphyria,
and increases in hepatic metabolizing enzymes (12,25).

From these

studies it was concluded that technical PCP produced a number of liver
changes which could not be attributed to the pentachlorophenol itself,
but were consistent with the effects of biologically active
dibenzo-p-dioxins and dibenzofurans which contaminated the technical PCP.
Influence of purified and technical grade pentachlorophenol on
rat embryonal and fetal development was studied by Schwetz, Keeler, and
Gehring (34).

Although a teratogenic effect was not observed, PCP was

found to be highly toxic and often lethal to the developing embryo.
When toxicity effects were determined by measuring maternal weight gain
during pregnancy, incidence of fetal resorption, fetal anomalies, and
fetal growth rate; it was found that purified PCP appeared slightly more
toxic than the commercial grade (34).
McConnell and Moore compared the relative toxicity of chlorinated
dibenzo-p-dioxin isomers

in mice and guinea pigs (28) J Hexacloro-isomers

were found to be less toxic than tetra and penta isomers, and
trichloroisomers were the least toxic (28).

These studies further

indicated that the position of the halogen atom on the ring was extremely
critical to the overall toxicity.

Ov erall toxicity is, therefore,

dependent on both the number and position of the chlorine atoms.

The

lateral ring positions (2,3,7, and 8) must be fully chlorinated to
achieve the greatest toxicity.

Based on this infonmation, it was

hypothesized that the hexa-isomers should be more toxic than the hepta
and acta-isomers (29).
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1.4

Immunological studies in livestock exposed to PCP
Clinicopathologic studies were conducted in 1978 when it was

suspected that PCP, or its contaminants, were implicated in the decreased
milk production and nonspecific health problems of dairy cattle (7).
McConnell and coworkers attempted to define and differentiate the
clinicopathologic effects in dairy cattle associated with ingestion of
either pure PCP or PCP and its contaminants (30).

They found that after

PCP exposure there was a dose-related increase in the proliferation of
mitogen-activated lymphocytes.

This indicated that the cell-mediated

immunity might be altered by such exposure.

Since there was only a slight

. decrease in immunoglobulin serum concentrations, humoral immunity did not
appear to be affected (30).
In conjunction with a study to determine the chronic effects of
PCP toxicosis in weanling pigs the immunological responsiveness of PCP
exposed. pigs was investigated.

It was found that pigs ingesting purified

PCP at the 5,10, and 15 mg/kg/day showed no overt signs of toxicosis.

At

10 and 15 mg/kg/day feeding levels, enlarged livers and higher blood urea
nitrogen (BUN, mg %) values were noted (13).

However, clinicopathological

signs of pigs ingesting only 5 mg/kg/day purified PCP effected reduction
of:

the total number of leukocytes, the relative proportion of

neutrophils, the concentration of serum gamma-globulin, and
hemagglutination titers.

In the same study it was observed that pigs

ingesting technical grade PCP, also showed a reduction in hemagglutination
titers but demonstrated an increase in relative proportions of neutrophils
(unpublished data, R. Hillam).

These studies indicate -the

immunosuppression potential of PCP usage.
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2.

Invnunotoxic effects of other pesticides or their contaminants
In recent years it has become evident that chemicals of

environmental concern may have adverse effects on immune competence or
The list of such chemicals that have been

host -defense mechanisms.

clearly shown to induce immunosuppression or reduce host resistance to
infectious agents include metallic lead, polych]orinated biphenyls (PCB),
and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD).

Studies have been

conducted using many pesticides as well as the contaminants frequently
found in pesticide formulations.

These investigations demonstrate

immunotoxic effects and potential immunosuppression caused by such
environmental pollutants.

Parameters frequently used to evaluate the

immunotoxicity of a substance include:

gross changes in the size of major

lymphoid organs, changes in both the number and composition of the
leukocyte population, serum protein profiles, antibody production,
cellular immunity, and their combined effect as measured by resistance to
a bacterial challenge.

Alterations of these immunological functions have

proven to be more sensitive indicators of health impairment than standard
methods )of measuring toxicity (42).
2.1

Effects on major lymphoid organs
The thymus is one of the central lymphoid organs.

since it is fully developed at birth.

It is unusual

This organ is vital during this

period of life because it is responsible for the differentiation of the
cells involved in cellular immunity, the T lymphocyte.

Since it is

important in the development of immunoreactivity it can be used as an
indicator of such.

A marked thymic atrophy has been observed after the

administration of several pesticide contaminants in rats, mice,

~and
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guinea pigs.

Among these contaminants are polychlorinated dibenzofurans

(PCDF) (32,33), and one of the most toxic compounds known, TCDD (10,14).
Another important lymphoid organ is the spleen.

Unlike the

thymus which i s of primary importance during the post-natal period, the
spleen is important throughout life.

It contributes to several important

body functions; particularly the phagocytic removal of aged cells,
infectious agents and other blood-borne particles, and the subsequent
synthes.is of ii11T1unoglobulins by its indigenous lymphocyte population.
Because of these functions, it is also frequently used as an indicator of
immunoreactivity .

At rophy of the spleen has been observed in rats fed

DDT, birds expos ed to PCB (33,49), and mice given TCDD (45).

However

when TCDD was gi ve n to rats an increase in spleen weight resulted (45).
This observation indicates that perhaps these effects are species
specific.
2.2

Effects on white blood cells
White blood cells are one of the bodies first lines of defense.

They are found throughout the lymphoid and circulatory systems and are
comprised of several cell types each with different functions.

BandT

lymphocytes play roles i n humoral immu nity (antibody production) and
cellular immunity (intracellular parasite control, graft rejection, and
cancer surveillance), respectively; wh i-le polymorphonuclear neutrophils
and monocytes have a phagocytic role.

Alterations in the number or

function of any of these can therefore lead to decreased disease
resistance.

Several changes are possible:

a change in total white

blood cell number, a shift in t he relative proportion of the different
types of white blood cells, or bo th.

TCDD was responsible for a
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reduction in total leukocytes and lymphocytes in mice and guinea pigs,
however it induced an increase in total leukocytes and lymphocytes in
rats (45,55).

The effect on neutrophils also appears to be species

specific as they were reduced in the guinea pig (55) following TCDD
exposure, .but were significantly increased in the mouse (46) and the rat
(53).
2.3 Effects on serum proteins
Serum proteins are classified by the electrophoretic regions in
which they migrate.

Since these proteins are responsible for a broad

number of serological reactions they can be used to assess immunological
reactivity.

Each regi on contains components with important immunologic

properties.

An example is complement, a group of important serum

proteins which increase phagocytosis during a process called opsonization,
aiding in the lysis of bacterial and mu t ated host cells.

Complement

components, activators, and inhibitors are carried with the alpha- and
beta-globulin fractions wh i le the majority of antibody molecules migrate
with the gamma-globulin fract i on.

Wassermann and coworkers observed a

reduction in the _gamma-globul i n fraction in rabbits and guinea pigs after
exposure to organochlorine compounds such as DDT, Dieldrin, and Arochlor
(49,51,52).

In mice, it was found by Va s, Moore, and Zinkle that total

serum proteins, especially the alpha-, beta-, and gamma-globulins, were
significantly decreased after administration of TCDD (46).

Following PCB

and PCDF exposure in rats, alpha-globulins significantly decreased while
the beta- and gamma-globulin portions significantly increased (33).

These

reports imply once again that t he overall effects of pesticides on various
immunological parameters appear t o be dependent on both the animal species
"'
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used and the type, concentration, route, and exposure schedule of the
pesticides.
2.4 Effects on humoral immunity
Humoral immunity involves the synthesis of antibody by the B
lymphocyte in response to immunogenic stimulation and possible T cell
cooperation.

Techniques to evaluate this response include

hemagglutination which allows the measurement of the antibody titer in
serum.

To augment such assays the Jerne Plaque assay is frequently used

to enumerate antibody-secreting cells specific for a particular antigen.
These cells may be obtained from either peripheral blood or any lymphoid
organ.
These te sts were utilized to determine specific humoral immunity
after the administration of PCB, DDT, TCDD and carbaryl.

Following PCB

ingestion, rabbits were found to have a reduced level of IgG (52) and a
lowered serum neutralizing titer to pseudorabies virus than controls (26).
Guinea pigs fed PCB and injected with tetanus toxoid showed a reduction
in both antitoxin titer (48) and the tetanus antitoxin-producing cells in
stimulated lymph nodes (43,47,48).

Balkhovityanova and Aleksevich also

observed reduced tetanus antitoxin titers in mice receiving daily oral
doses of 0.2 and 0.1 LDso of carbaryl (2).

Rabbits receiving 200 ppm DDT

in their drinking water had significan tly lower antibody titers to
Salmonella typhi (50).

DDT was also responsible for suppression of

antibody synthesis in rats and rabbits (48,49).

TCDD did not appear to

affect the immunological responsiveness after the initial exposure to an
antigen, but upon subsequent exposure to the same antigen, TCDD at higher
dose levels, had a significant depress ant effect (45).
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2.4.1 Antigen-pesticide interactions
An interesting interaction that should be noted is the
relationship between the immunological response to different antigens
and the detoxification of the pesticides by the body.

In rabbits exposed

to DDT, Wassermann reported that the presence of antigen and induction of
the immune response resulted in increased chemical detoxification.
Unfortunately, the presence of such toxic compounds results in moderation
of the immune response (50).

This suggests that the immune system may

assist in the regulation of activities in addition to its currently
accepted functions.
2.5 Effects on cellular immunity
Cell medi ate d immunity (CMI) is the ability of a host to resist
intracellular parasites and eliminate potential cancer cells.

This

activity is dependent on both T lymphocytes and phagocytic cells.
frequently

~easured

It is

in the laboratory with either delayed-type

hypersensitivity tests or lymphocyte stimulation assays.

When these

tests were used to measure CMI in TCDD exposed mice, rats, and guinea
pigs (10,44,45) or PCB exposed guinea pigs (47,48), a significant
suppression was observed.

Correspondingl y, a decrease in lymphocyte

stimulation occurred after in vitro exposure of either blood lymphocyte
cultures or human mononuclear cells to DDT (27).
2.6 Effects on resistance to infectious agents
The preceeding tests demonstrate specific .in vitro measures of
immunological activity.

Consequential effects on the immune system are

best ·demonstrated by the ability of the host to withstand challenge by an
infectious agent.

Even in the absen ce of signs of clinical toxicity,
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certain compounds have been shown to enhance the mortality to various
infectious agents.

Hemphill demonstrated that lead-treated mice were ten

times more susceptible to Salmonella typhimurium (17).

Mice exposed to

subtoxic levels of TCDD had a similar increase in their susceptibility to
Salmonella bern (40).

Mammals are not the only animals affected by

irrmunotoxic properties of environmental pollutants.

PCB exposed ducks

were found to have a significantly higher mortality to duck hepatitis
virus than were controls (11).

In

total,~

vitro

and~

vivo, these

studies indicate the immunosuppression and reduction of host resistance
Which can result after exposure to chemicals of environmental concern.

374441
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MATERIALS AND METHODS
1.

Animal Maintenance and Exposure

1.1 Animal s
Mice used in this study originated from an outbred, albino,
Charles River strain.

They were maintained at the South Dakota State

University Microbiology department•s breeding colony where they were
housed (no more than ten per cage), fed (Mouse Chow #5015, Ralston Purina
Co., St. Louis, Missouri), and watered ad libitum.
1.2

P~ntachlorophenol

(PCP) ingestion

PCP (99% pure) was obtained (Aldrich Chemical Co., Inc.,
Milwaukee, Wisconsin).
lev~ls

Initial studies were performed to determine dose

to be used in subsequent experiments.

PCP dissolved in corn oil

(Mazola), was administ2red daily by gastric intubation to young mice (two
to three weeks old) at dose levels of 0, 5, 10, and 15 mg/kg body weight.
· On the tenth day mice were immunized with sheep red blood cells (SRBC)

and subsequently exsanguinized on day 14.
During subsequent experiments mice were administered PCP daily
. )

at 15 mg/kg feeding levels for two weeks.

Upon completion of this

exposure period they were immunized with SRBC and fed an additional five
days at which time they were terminated to perform Jerne plaque assays.
For mitogenic lymphocyte stimulation studies, mice were given
15 mg/kg PCP daily as described above.

However, they were terminated

immediately .following the two week feeding period.
1.3

Immunization
Whole sheep blood was collected from a single animal by jugular
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venipuncture into sterile 2000 ml Erlenmeyer flasks, each containing 40 ml
of 40% sodium citrate.

After collection SRBC were transferred to sterile

screw cap bottles and stored at 4°C.

For injections, SRBC were washed

three times with 0.85% saline and diluted to desired concentrations.
Mice used in initial dose determination studies were immunized
intraperitoneally (IP) with 0.1 ml of 10% SRBC.

Subsequent studies,

including Jerne plaque .assays, utilized an IP immunization with 108 SRBC
in 0.1 ml sterile saline.
1.4 Exsanguination and tissue processing
Mice were anesthetized by placing them in a glass jar containing
ether-saturated cotton.

When a deep level of anesthesizia was attained,

mice were removed, the sub-clavian artery severed, and whole blood
collected.

Smears were made for differential leukocyte counts, dilutions

of blood were made for total leukocyte determinat ions, and heparinized
capillary tubes were filled to determine hematocrit levels.

After

exsanguination, mice were terminated by cervical dislocation.

Blood was

allowed to clot at room temperature before the serum was removed.

Serum

was further clarified by centrifugation afterwhich it was frozen and
stored for future studies.

Spleen, thymus, liver and adrenal tissues

were excised, weighed and frozen for future assays.
1.5 Salmonella typhimurium used for

LDso

A strain of Salmonella typhimurium was obtained from South Dakota
State University Microbiology Department's stock culture collection
through the courtesy of Mr. Ronald J. Stangeland for use in

LDso

This .strain was maintained on Brain Heart Infusion (BHI) slants.
to each

Lo 50

assays.
Prior

determination, the organism was inoculated and incubated in
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5 ml of BHI broth for 24 hours at 37°C.

A 100 ul aliquot was then

subcultured in 5 ml BHI broth for an additional 12-18 hours at 37°C.
2.

Methods an d procedures

2.1 Chemi cal methods
2.1.1

Pentachlorophenol determination in tissues

Li ver, spl een and thymus tissues were stored frozen until ready
for PCP analysis.
Hoben (19) .

The analysis incorporated modifications described by

With the exception of liver, where only 1 gram was used,

whole organ s were minced and placed in 15 ml glass centrifuge tubes.
Reagent volumes were adjusted relative to tissue weight.

Tissues were

digested using 0.1 N potassium hydroxide prior to hexane (reagent grade)
extraction of PCP and esterification with diazomethane.

(According to

manufacturer direction; Aldrich Chemical Co., Inc., Milwaukee, Wisconsin).
Samples were then quantified using a gas -l iquid chromatograph equipped
with an electron capture detector.

Conditions were as described by

Greichus, Libal, and Johnson (13).
2.2

Immunological methods
2.2.1

Total leukocyte counts

Whole blood (40 ul) deriv ed from separate mice3 was added to
individual disposable blood dilution vials (American Scientific Products,
McGraw Park, Illinois) each containing 20 ml df Isoton II diluting buffer
(Coulter Diagnostics, Inc., Hialeah, Florida).

To each of these ·

suspensions, six drops of Zap-Isoton II (Coulter Diagnostics, Inc.,
Hialeah, Flor ida) were added to facilitate lysis of red blood cells.
Total leukocyte counts were made using a Model F Coulter Counter.

17
2.2 .2 Differential leukocyte counts
Smears were made with ei t her whole mouse blood or bone marrow on
111 x 311 bev-1-edge blood smear slides (Pop per and Sons, Inc., New Hyde
Park, New York).
mouse.

Bone marrow had been obta ined from the femur of the

Slides were stained with Cameo Quik Stain (American Scientific

Products, McGraw Park, Il linois).

A total of 100 leukocytes were

enumerated and ide nt i fie d as lymphocytes, polymorphonuclear neutrophils,
or monocytes.
2.2. 3 Hematocrit determination
Hepa rin ized micro hematocrit capillary tubes (American Scientific
Products, McGraw Pa rk, Ill i nois ) were filled with whole blood and ·
centrifuged for 6 min utes in a hematocrit centrifuge (Clay Adams Inc.,
New York, New York) for the de te rmi nati on of packed red blood cell
volume.
2.2.4 Direct hemagglu tination
All sera were t es ted by di rect hemagglutinati on to determine
levels of antibody .agains t SRBC.
were

m~de

Serial two-fold dilutions of serum

in V-shaped microhemaggl uti nation trays using 0.025 ml phosphate

buffered saline (PBS, Appe ndix) co ntaining 1:100 v/v normal rabbit serum
(NRS) as diluen t for t ot al antibody determination s.

For IgG

determinations, 1:100 NRS in PBS conta i ning 0.2M 2-mercaptoe thanol was
added.

After dilutions were made, 0.025 ml of 2% SRBC suspended in

1:100 NRS in PBS was added to each well.
for four hours at room temperature.

Plates were shaken and incubated

Titers were recorded as the

reciprocal of the highest dilut i on showing any agglutination.
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2.2.5

Jerne plaque assay for antibody-forming cells

Quantitation of antibody-forming cells (AFC) was performed using
the Cunningham and Szenberg modification (9) of the Jerne plaque assay
(23).

This technique allows detection of plaques when lymphoid cells

and target erythrocytes are incubated together as a monolayer.

It is a

highly sensitive test to determine direct IgM and indirect IgG AFC.
2.2.6 Determination of cellular immunity by mitogenic
lymphocyte stimulation
The effect of PCP on cell-mediated immunity was determined by
mitogenic lymphocyte stimulation.

Five mice from 15 mg/kg/day PCP and

corn oi·l control groups, were euthanized by ether inhalation and
exsanguinated after a two week ingestion period.

Pooled cell suspensions

from minced spleens were prepared from each experimental group.
Contaminating red blood cells in spleen cell suspensions were lysed with
tris-buffered isotonic ammonium chloride solution (.pH 7.2, Appendix)
and incubated for 15 minutes at 37°C.

Spleen cells were washed three

times in RPMI-1640 (Grand Island Biological Co., Grand Island, New York)
tissue culture medium.
counter.

Cell numbers were determined with a Coulter

Mitogenic lymphocyte stimulations were performed using cultures

containing 5.0 x 105 lymphocytes suspended in 1.75 ml RPMI-1640 which
had been supplemented with antib iotics (50 u penicillin-50 ug
streptomycin), 2 mM L-gl utamine, and 10% heat inactivated fetal calf
serum (5).
The mitogens added (0.25 ml per tube) were lypopolysaccharide
Wfrom Escherichia coli 055:85 (LPS, Difco, Detroit, Michigan, 1:10
dilution of 5 mg/ml reconstituted material), concanavalin A (Con A,
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Sigma Chem ical Co., St. Louis, Miss ouri, 1:100 dilution of 10 mg/ml
reconstitu ted material ), or phytohema gglutin M (PHA, Grand Island
Biological Co., Grand Is l and, New York, 1:100 dilution of 5 ml
reconstitu ted material).
Concentrat ions of mitogens were selected after a preliminary
study perfo rmed by the author indicated the optimum immune response
occurred at these dilu tio ns.

Quadruplicate cultures were maintained at

37°C under a 5% C02 atmosphere.

Eighteen hours prior to harvesting

(Brandel Cel l Harv estor, Rockville, Maryla nd) onto glass fiber filters,
cultures were pulsed with 1 uCi 3H-thymid ine (2 Ci/mM) (Amersham/Searle,
Arlington He ights, Illinois) according to the following pe ak day response:
LPS, 48 hours; Con A, 72 hours; and PHA, 96 hours.

Filters were dried

and placed i n plastic scintillation vials containing a PPO-POPOP-TritonX-100-toluene scintillation cocktail.

levels of 3H-thymidine

incorporatio n were measured using a Beckma n li quid scintillation counter.
2.2. 7 Cellulose acetate electrophoresis
Determination of the relative proportion of major serum fractions
was done by cellulose acetate electrophoresis.
collected as described previously.

Non-hemolyzed serum was

Titan III cellulose acetate strips

(Helena laboratories, Beaumont, Texas) were soaked in tris-barbital buffer
(pH 8.8) (Gel man high resolution buffer, Gelma n, Ann Arbor, Mi chigan) for
15 mintues prior to serum application.

The strips were removed from the

buffer, placed on an absorbent pad, and blotted to remove excess buffer.
Serum samples were applied using a type M applicator (Helena Laboratories,
Beaumont, Texas) .

Strips were therl placed face down on absorbent paper in

~-
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the electrophoresis chamber (A. H. Thomas model 20).

Eight strips were

run at 180 volts for 30 minutes with poles being reversed after each run.
Strips were s tained in Ponceau S stain (Helena Laboratories, Beaumont,
Texas) for 5 minutes.

After

staining~

they were destained in 3

successive baths of 5% acetic acid for 2 minutes each.

Clearing was

accomplished by immersing strips in Supra Clear II cellulose acetate
clearing solution (Gelman, Inc., Ann Arbor, Michigan) for 5 minutes and
then heating at 80°C until clear.

Once the strips were cleared, serum

profiles were obtained by densitometry (500 nm) using a Gilford model
2400 spectrophotometer equipped with a linear transport device and
recorder.

Peaks were obtained for the albumin, alpha-, beta-, and

gamma-globulin electrophoretic fractions.
determined by use of a planimeter.

The area under each peak was

Relative

percentage~

for each serum

fraction were calculated by dividing the area of each peak by the total
area of all peaks and multiplying by 100.
2.3 Biological assay:

LDso determination

The susceptibility of 18-24 g Charles River mice to Salmonella
typhimurium was determined by IP injection with 0.1 ml serially, 10-fold
diluted aliquots of a 12-18 hour broth culture.
injected with each dilution.
recorded daily.

Eight to ten mice were

The number of dead mice per dilution was

The LDso was calculated seven days after challenge using

the method of Karber (24) and is recorded as the number of organisms
required to kill 50 percent of the treated mice.

Standard error and 95

percent confidence limits were calculated by the method of Irwin and
Cheesemann (21).

21
3.

Statistical Analyses
All statistical analyses were performed with a Texas Instrument

58 calculator.

For Jerne plaque assay and mitogenic lymphocyte

stimulation studies, data were evaluated by Student's one-tailed T-test
for means.
(ANOVA).

Other studies were evaluated by one-way analysis of varianc2
Where statistical significance was evideilt, Dunnett•s test for

separation of means was performed.
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RESULTS
1.

Non-specific indicators of immunological reactivity

1.1 Body weight and food consumption
During the course of each experiment, food consumption and the
resulting weight gain of the control and experimental mice were monitored.
In preliminary studies it was observed that there was a difference in
weight gain of corn-oil-control and saline-control mice . . Since
malnutrition can result in depressed immunity, a study was conducted to
ensure that the poor weight gains were not due to improper nutrition.
Four groups of mice were fed three levels of corn oil (0.01 ml, 0.005 ml,
or 0.0033 ml) or 0.01 ml saline per gram of body weight per day.

There

were no significant weight gain differences among the groups in this
study.

As a result of these findings the original

c~rn

oil volume of

0.01 ml/gram body weight was continued in subsequent experiments.

PCP

did not affect food consumption or weight gain at the chosen feeding
levels (Table 1).
1.2 Organ to body weight ratios
Organ to body weight ratios were determined for liver, thymus,
adrenal, and spleen tissues.

Mean values obtained for these ratios for

each group are presented in Table 2.

Although there were no statistically

significant differences i n any of the organ to body weight ratios, there
was an apparent increase in the thymus/body weight ratio.
1.3 PCP concentrations in tissues
A statistically significant

(p~

0.01) increase in the

concentration of PCP in the liver, spleen, and thymus Wqs observed at all
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Table 1.

Group
(PCP mg/kg/day)

Effects of PCP on body weight, weight gain, and
food consumption during two week PCP ingestion
period
Body Weighta
(g)
Day 0

Weight gaina
(g/mouse)

Total Food
Consumption
(g)

Day 14

0

7.8 + 1.4

16.8 + 2.7

9.0 + 2.6

. 342.9

5

7.8 + 1.6

16.9 + 3.8

9.·3 + 3.8

388.8

10

6.5 + 0.31

14.9 + 0.84

8.4 + 0.8

322.0

15

6.8 + 0.72

15.3 + 1.9

9.1 + 0.7

332.0

aMean + SO

Table 2.

Effect of PCP on Organ to Body Ratiosa

Group
{PCP mgjkg/day)

Thymus/Body
{Xl0-3)

Spleen/Body
{Xlo-3)

0

3.0 + 0.6

4.7 + 0. 8

7.1 + 0. 6

6.0 + 2.2

5

3.7 + 0.7

5.1 + 1. 0

6.6 + 0.6

8.0 -+ 0.1

10

5.2 + 0.7

4.8 + 0.4

5.7 + 0.5

6.3 + 0. 6

15

5.8 + 0.8

5.6 + 0.8

6.6 + 0.8

5.4 + 0.8

aMean

+

Liver/Body
{Xlo-2)

Adrenal/Body
(Xlo- 4)

SO

N

~

~
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Table 3.
Group

PCP mg/kg/day

PCP concentrations in tissues from
control and treated micea
PCP in

PCP in

(ppm)

(ppm)

liver

spleen

PCP in
thymus
(ppm)

b

0

0.15 + 0.003

0.35 + 0.18

5

4.66 + 0.73C

0.81 + 0.20C

1.0 + 0.2]C

10

3.86 + o.9zc

0.96 + 0.24c

1.24 + 0.28c

15

5.11 + 1.36c

0.95 + 0.20c

1.43 + 0.37c

aMean + SO
bNot detectable
Cp< 0.01

)
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feeding lev els (Ta ble 3).

In t he thymus , there was an increased

concentrat ion of PCP with increased pesti cide dosage, while in spleen
and liv er ti ssue, a plateauing of pestici de accumulation was
observed.
1.4 White blood cells
Both total and diffe rential leukocyte counts were used to
indicate poss ible alte ratio ns in immunologica l reactivity.

Three levels

of PCP were admi nistered to mice by gastric intubation prior to this
determina tio n.

A decreas e in the to t al number of leukocytes was observed

at all f eedi ng l evel s (Table 4).
monocytes wa s eviden t .

An apparent increase in neutrophils and

Howe ve r, because these data are reported

a~

percentages, and an overall dec r ease in total leucocyte counts was
observed, in ac tuality, there wa s a numerical reduction in the total
number of neutrophils and monocytes.

Thi s effect was greatest at the

5 and 10 mg/kg/day feeding levels where a signifi cant

(p~

0.01 and

p <:0.05, respectively) r edu ction in the lymphocyte population was
observed.
made.

At the 15 mg PCP/kg/day level, bone marrow smears were also

White blood cel ls obta i ned f rom bone marrow appeared to be

morphologically normal.
1.5 Hemato cri t dete rmin at ion
Hema tocr i t determination s f rom t he t hree PCP experimental groups
were compared with contro l values (Table 5) .

Hematocrit values from all

treatment groups were similar to those obtained for the controls • . PCP
therefore had no effect on packed red blood cell volume at any of the
feeding level s used in this study.

Table 4.

Effect of PCP on Differential and Total Leukocyte Countsa

Group
(PCP mg/kg/day)

Lymphocytes

Neutroph ils

Monocytes

(%)

Total
Leukocytes
(X1Q3jmm3)

0

74.3 + 7.5

14.9 + 5.6

10.6 + 3.7

30.5 + 18.0

19.5 + 4.7

13.4 + 3.3 b
16.6 + 2.8 c

17.9 + 7.0

10

65.8 + 5.4 c
68 .3 + 5.7 b

15

70.0 + 3.4

14.7 + 3.4

12.4 + 4.6

25.2 + 3.0

5

(%)

(%)

15,3

~

4.5

20.4 + 2.3

~Mean values~ SD

pL 0.05
cp LO.Ol

N
.........

~
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Table 5.

Effec t of PCP on hematocrita

Treatment Group
(mg/kg/day)

Hematocrit

0

39.2+ 0.07

5

37.7 + 0.04

10

38.3 + 0. 22

15

42.6 + 0.07

aGeometric mean + SE

)
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1.6 Cellulose acetate electrophoretic serum profiles
Other investigators have described the effects of pesticides or
their contaminants on serum proteins (33,46,49).

At all levels of

administration, PCP significantly reduced the gamma-globulin fraction.
This reduction appeared to be dose-related.

At 10 and 15 mg/kg/day PCP

feeding levels a decrease in the beta-globulin fraction was also observed
(Table 6).

Because these proteins were reported as percentages there was

an apparent increase in the serum albumin fraction compensating for
decreases in other fractions.
2.
2.1

Specific indicators of immunological reactivity
Effect of PCP on humoral immunity
2.1.1

Hemagglutination antibody titers

Several studies have indicated that certain pesticides have the
potential to influence a host's ability to elicit an immune response
{47,49,54).

Specific antibody titers are frequently employed to indicate

overall humoral immunity.

Antibody titers to sheep red blood cells

(SRBC) (Table 7) at lower feeding levels were not affected by PCP.
)

However, at the 15 mg/kg/day level a statistically significant

(p~

0.01)

decrease in antibody titer was observed.
2.1.2

Jerne plaque assay

The Jerne plaque assay is a method used to detect and quantitate
antigen specific antibody-forming cells (AFC) in lymphoid tissue.

This

technique indicated a decrease in both IgM and IgG AFC resulted from PCP
ingestion (Table 8).

The number of cells producing IgM anti-SRBC were

reduced 61% and therefore appear to be more affected by PCP than the
anti-SRBC IgG AFC, which were only dimi nished 38%.
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Table 6.

Effect of PCP on serum proteinsa
Alphaglobulin

Betaglobulin

Gammaglobulin

19.9 + 4.3

38.5 + 5.0

Groups
(PCP mg/kg/day)

Albumin

0

39.5 + 4.3

5.6 + 2.0

5

47.7 + 8.0 b

12.2 + 3.1c · 16.0 + 3.9

10

68.9 + 5.ac

11.9 + 2.2c

15

63.3 + 0.1c

12.3 + 0.2c

aMean 0.05
bp < 0.05
Cp < 0.01

(%)

(%)

(%)

7.4 + 0.4b
12.5 + 0.3 b

(%)

24.9 + 3.0c
15.9

.:t.

0.2c

10.6 + 0.2c
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Table 7.

Hemagglutinatio n an tibody titers
following two week PtP ingestiona

Group

Titer

0

140. 9 + 0. 35

5

150.2 + 0.86

10

141.0 + 0 .40

(PCP mg/kg/ day )

15

aGeomet r ic mean + SE
bp< 0 .01
-

64.0 + 0.43b
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Ta ble 8.

The effect of two week PCP inges t iona on
the total number anti body-fanning cells
in the spleen
Total AFcb
(IgM and IgG)

IgM AFCb

IgG AFCb

Control

62. 0 + 0.36

12.0 + 0.36

57.0 + 0.36

PCP

44.0 + 2.06

4.6 + 0.56

35.0 + 2.13

a15 mg PCP/kg /day
bNumber of AFC/spleen x 103

.

)
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Table 9.

Effect of immunization on detoxification
PCP concentrationa

Group
(PCP mg/kg /day)

Liver
(ppm)

Spleen
{ppm)

0

Immunized
Control

0.14 + 0.22
0.16 + 0.17

0.24 + 0.32
0.44 + 0.41

5

Immunized
Control

4.38 + 0.05
4.8 +-0.21

0.72 + 0.17
0.85 + 0.27

10

Immunized
Control

3.6 + 0.28
3.9 + 0.22

0.85 + 0.33
1.0 +-0.23

15

Immunized
Control

5. 77 + 0.22
4. 23 + 0.24

0.92 + 0.22
0.88 + 0.28

aGeometric mea n + SE
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2. 1. 3 Ant igen -pesti cide interaction
Immuniza tion appeared to hav e an effect on the levels of PCP in
the spl een and liver.

At 0, 5, and 10 mg/kg/day PCP feeding levels

there were lowe r concent rations of PCP in the organs of immunized animals
than in the organ s of nonimmun ized con trol s (Table 9).

This phenomenon,

however , was no t observ ed at t he highe st dose level (15 mg/kg/day). These
observatio ns are simil ar to t hos e seen by Wassermann after exposing
rabbits to DDT (50).
2.1 . 4 Effect of PCP on cellu l ar immunity
Lymphocyte prol iferation f ollowing mitogenic stimulation is
commonly used to evaluate cell-mediated immun i ty due to the importance of
CMI in resis tance t o i ntracellular paras ites and eliminating potential
cancer cel l s.
~vitro

A decline i n the responsi venes s of lymphocytes to mitogens

has been demon strated in ani mals expo sed to · various pes ticide s

or pest icide con tamin an t s (10, 44,45,47).

This diminished in vitro

reactivity correl ates with the observed i ncrease in morbidity and
mortality

of~

vi vo pe sticide expos ure by livestock.

Du ri ng t hi s invest i gatio n, mice were fed either corn oil or

15 mg PCP /kg body/weight/day fo r two wee ks prior
induced lymp hocyte proliferatio n.

to ~

vitro mitogen-

A compa r ison of t r i ti ated t hymidine

incorpora tion by contro l and mi togen- stimul ated lymphocytes wa s used to
evaluate the ef fec ts
proliferatio n.

o f~

vivo PCP pret reatmen t on lymphocyte

Th e mi t ogens used in this study included

phytohemagglu t i nin (PHA) and concanavalin A (Con A) to assess T-cell
proliferat ion and lipopo l ysaccharide (LPS) to asse ss B-cell reactivity.
PCP ingestion resulted i n a si gnificant reduct i on i n response to both
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Table 10.

Effect of two week PCP ingestiona on mitogeninduced lymphocyte proliferation.
Lymphoproliferative Response b

PHA

(cpm)
Corn Oi 1

13146.3 + 0.60
782.4 + 0.60d

PCP

a15 mg/kg/day
bGe0metric mean + SE
Cp< 0.05
dp< 0.01

·..l

Con A
(cpm)
800.7 + 0.87
427.1 + 0.83

LPS

{cpm)
14374.1 + 0.60
5141.1 + 1.11c
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PHA (p<: O.O l) and LPS (p<C0.05) Table 10).
In additio n to decreased responsi veness of spleen cells to
mitogen s, there was a si gnificant (p<:::.0. 05) depletion of spleen cells
in PCP treated mice (5.8 cells x 106) when compared to corn oil fed mice
(14.4 cell s x 106).

This reduction in spleen cells represents nearly a

three-fold de : rease and suggests a strong immunosuppressive effect due
to the cyto toxicity of PCP.
3.

LDso de t ermination
The overa ll effect of pesticides on t he i nmune system can be

assessed by not ing any changes in the suscepti bil ity of the host to an
infectiou s agen t .

Both control and PCP fed mice were challe nged with an

intraper itoneal in jection of Salmonella typhimurium.

Concentrations of

Salmonel la typhimu rium that were insufficient to induce a lethal
infectio n in the con trols .

The LDso (the dose of a lethal subs tance

that causes death in 50% of the animals) i s a frequently used mea sure of
bacterial virulence and host susceptibility.

Mice pretreated, by

ingestion with PCP, had a lower LDso to Salmonella typhimurium than did
the contro ls.

This corresponded to LDso values of 16,280 (1500-177,940)

and 200,000 (52,000-774,000), respectively.
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DISCUSSION
1.

Non-specific indicators of immunity
Evaluation of immunosuppressive or immune enhancing effects of

chemical s cannot be accomplished by a single test.

However, using

several tests a fairly complete picture of alterations in the animals
immunological responsiveness can be assessed.
1.1

Body weight and food consumption
Since the immune system is a complex network of many interacting

~ubsets

of cells there are factors that may indirectly affect the

complete immune response.

Chemicals or their solvents that lead directly

or indirectly to a state of malnutrition must be monitored because
nutritio nal deficiencies have been shown to affect immune function
(20,35).

Possible malnutrition as a mechanism of depressed immune

function was considered because decreased body weights were observed in
experimental mice during initial studies.

To ensure that the poor

weight gains in experimental groups were not due to corn oil-induced
malnutrition, further analysis comparing weight gains of mice force-fed
either corn oil or saline were made.

No significant differences

(p<:0.05) in weight gains were observed indicating that corn oil did not
suppress food intake which might result in malnutrition.

Subsequent

experiments showed that PCP had no effect on either food consumption or
weight gain.

This indicated that immunosuppression seen in mice

resulting from PCP ingestion was not due to PCP or corn oil-induced
malnutrition.
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1.2 Organ to body wei ght ratios
Rout ine immunotoxicity studies generally i nclude the gross
examinati on of lymphoid tissues.

Changes i n the weight of organs

relativ e to the body weight of an animal can i ndicate the source of
alterat ions in i i11Tlunoreactivity.

No statisti cally significan.t

difference s (pC::::0. 05) in any of the organ to body weight ratios were
observed .

These da ta, coupled with the resul t s of food consumption and

weight gains , indi ca ed that subtoxic levels of PCP were being ingested
since no ov er t tox·c·ty could be seen.
1.3 Effect of PCP on white blood cells
A reduc t ion i n white blood cells can suppress immuni ty by causing
an impai rment of antigen ,recognition, antibody production, or
phagocytosis.

Any of these effects acting ind ividually or in conce r t may

result in a compromi sed host.
Di fferentia l counts of blood smears revealed that specific
subsets of leukocytes were affected by PCP.

Histopathological

examinat ion of bone marrow specimens showed that white blood cells from
the PCF'' experimental group were morphologically no rmal.

This indicated

that the PCP-induced leukopenia was not due to a regula t ory dysfunction
in the bone marrow.

Immunotoxicity effects of PCP most li ke ly occurred

after the white blood cells had matured.
In blood smears, the percent of neutro phils did not change but
because of the reduction in total white blood cells, actual numbers of
these cells were decreased at all feedi ng levels.

A reduction in these

cells would result in a lowered phagocytos i s of f oreign materials in the
body.

Simil ar observations have been reported af ter administration of
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TCDD in guinea pigs (45,55) and mice (45).
(p

~0. 05)

At the 5

(p~

0.01), 10

and 15 mg/kg/day PCP feeding levels the number of

lympho cyte s wa s reduced.

A significa nt (p<: 0.05) depletion of

leukocyte s in t he spleen also occurred at the highest PCP feeding level.
The lymphopen ia which resulted from PCP ingestion appeared to be a
reduction i n both B- and T-lymphocytes and was

theref~re

responsible for

the subsequent decrease in humoral and cell mediated immune responses.
This corroborates the findi ngs of Vas Who observed lymphopenia and cellmediated immu nosu ppression in mice and guinea pigs after TCDD exposure
(45).
1.4 · Effect of PCP on hematocrit values
Hematocrit determinations were performed to detect any
abnormal ities in the hematopoetic system after PCP ingestion that might
result in anemia.

Anemia as measured by packed red blood cell volumes

was not observed in these studies.
1.5 PCP concentrations in tissues
Pesticide accumulation was observed in various body tissues
(liver), spleen, and thymus) to observe any correlation between PCP
accumulat ion and organ function.

There was a dose response increase in

the conce ntration of PCP in the thymu s.
and live r.

This was not seen in the spleen

In these organs there seemed to be a plateauing of pesticide

accumulati on above the 5 mg/kg/day dose leve l.
tissue saturation at the higher dose level.

This may have been due to

A possible explanation for

this phenomenon was that at higher dose levels the rate of ingestion
exceeded the rate of elimination, presumably due to accumulation in these
tissues.
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1.6 Effect on PCP on serum proteins
Ma ny serum proteins are vital to , or augment, immunological
defense mechani sms.

Exampl es of such proteins are alpha-, beta-, and

garruna-g lo bul ins.
The be t a-globulin fraction includes many components, activators,
and inh ibitor s of the complement system.

These act independently of

antibody vi a the alternate complement pathway or via the classical
complement pathway and can augment immunological defense by enhancing
phagocytosi s and lysis of bacterial, mutated or nonviable host cells.
The ma in component of t he gamma-globulin fraction includes
antibody.

Reduction in gamma-globulin appeared to be dose-related in

PCP trea ted mice.

At the highest feeding level there was a 73 percent

reduction in gamma- glo bul i n.

Because t he majority of antibody molecules

migrate with the gamma-globulin fract ion, a reduction of this mag nitu de
would ind icate a substantial suppression of the humoral immune response.
Similar pesticide-induced reductions in globulin fractions have been
observed in rabbits and guinea pigs exposed to DDT , Dieldrin, and
Arochlor (49 ) and in mice administered TCDD (46).
2.

Specif ic indicators of immunity
2.1

Humo ral immunity
2.1.1

Hemagglutination titers

Overall immunocompetance can be evaluated by measuring the
immunological response to a foreign substance.

Sheep red blood cells

were selected because it is a thymus-dependent immunogen and the elicited
immune response is the result of both T-lymphocyte and B-lymphocyte
reactivity.

Quantitation of serum anti body titers to SRBC was achieved
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by direct hemag glutination.
A reduction in antibody to SRBC was seen in the highest dosage
group (1 5 mg/kg/day) .
(p~0.0 1)

In this group the antibody titer was significantly

reduced to less than 50 percent of the control titer (64.0 and

140.9, respect ively).

This reduction indicates a deficiency either in

antigenic recognition by T-cells, antibody production by 8-cells, or the
T cell-S ce ll interaction.

The results did

effect on the humoral immune response

at

~t

indicate any significant

the lower PCP feeding level.

These data augment existing literature on the effect of
pesticides, such as DDT, on humoral immune functions.

When low levels of

DDT were admi nistered, there was little effect on the development
circulati ng antibody titers (36).

~f

However, significant suppression of

antibody titers occurred at higher dosage rates (50).
2.1.2

Jerne plaque assay

To help understand the mechanism of immunotoxicity that resulted
in the significant reduction in hemagglutinating antibody occurring at
the 15 mg/kg/day PCP feeding level, antibody-forming cells (AFC) specific
for SRLC were enumerated.

The Jerne plaque assay was used to determine

if the reduction in serum titers was due to decreased numbers of
antibody-secreting cells or due to some other mechanism.
A decrease in both IgM and IgG secreting cells and consequently
total AFC were found in PCP-fed mice.

PCP had the greatest affect on

IgM AFC, the first antibody produced in a primary immune

response~

There

was also a two-fold decrease in IgG AFC.
These data imply that the PeP-inhibition of AFC and the
subsequent suppression of antibody tite r s occurs primarily during the
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inductio n of the immune response.

PCP did not appear to inhibit the

maturat ion of the immune response once it had been initiated.

This

conclus ion i s based on the observation that PCP does not suppress, and
may even enhance , t he switch from IgM to IgG synthesis by lymphocytes.
2.1 .3 Antigen-pest icide interaction
An interest ing observation of thii investigation was that in
both the li ver and the spleen, there appeared to be a lower concentration
of PCP in immunized animals than in contro l animals at the 5 and 10
mgjkg/day feeding levels.

The finding of lower toxic chemical

concentrations in organ's of immunized animals may indicate an increased
deto~ifi cation

of PCP due to the increased metabolic activity of antigen-

induced cell prol iferation.

This interact ion was first observed by

Wassermann working with DDT (50).

It is inte resting to note that this

phenomenon occurred only in the liver and splee n where materials foreign
to the hos t are process ed.
2.2

Cel lular immunity
2.2. 1 Mitogen induced lymphocyte proliferation
Po lyclonal stimulation of lymphocytes by mitogens evaluate the

functional ability of lymphocytes or their subpopulations to proliferate.
Mitogens bind to and activate a relative ly hi gh percentage of lymphocytes.
Although some mitogens bind to both T- .and B-cells, they can selectively
induce bla st formation in lymphocyte subpopul ations.

When lymphocytes

are incubated in the presence of mitogens , various populations of cells
having different receptor types can be distinguished~ vitro (37).
capability of lymphocytes to proliferate and incorporate labelled
thymidine in DNA followin g non-specifi c~ vitro stimulation with the

The
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mitogens phytohemagglutinin (PHA) and concanavalin
ofT-cell function in the mouse.

A ~ (con

A) is a measure

Since mature thymus cells are more

responsiv e to PHA and Con A binding is indicative of immature T-cell
reactivity, this test can reveal some information about T cell
subpopulations.

The mitogen frequently used to evaluate B-cell

responsivene ss is lipopolysaccharide (LPS).

Using these mitogens the

effect of PCP on lymphocyte subpopulations was determined.
The lymphoproliferative response to PHA was significantly
( p < 0. 01) reduced after two weeks i nges ti on of 15 mg PCP /kg/day.
Although not statistically significant, there was an apparent decrease
in the responsiveness of lymphocytes from PCP-fed mice to Con A• . Both
immature T-cells (Con A responders) and mature T-cell (PHA responders)
populations showed evidence of decreased responsiveness to T-cell
mitogens even in the absence of thymic atrophy.
affected more than the immature T-cells.

Mature T-cells were

This data agrees with the

prior hypothesis that the effects of PCP occur after maturation of the
lymphocytes.

Since SRBC is aT-dependent immunogen, the inability of

mature T-cells to assist the B cell in the recognition of this foreign
material could explain the reduced B cell reactivity to SRBC.
Polyclonal stimulation of B-cells by LPS was also significantly
(p < 0.05) decreased following PCP ingestion.

This reduced LPS

responsiveness may explain the observed reduction in gamma-globulin
proteins, antibody titers, and antibody-forming cells observed after PCP
ingestion.
3.0

LDso

determination

In vitro measurements of immunoreactivity showed decreases in
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both humoral and c2llular immunity in mice following oral administration
of PCP.

The reduction in the immunological reactivity was indicated by

a reduction in total white blood cells, neutrophils, lymphocytes, and
serum proteins in the beta- and gamma-globulin fraction.

Responsiveness

toT and B cell mitogens was reduced further indicating an immunological
impairment.
The~

vivo experiments supported the decrease in both the

cellular and humoral response seen .i!! "vitro.
infect.ious

agent~

When challenged with an

vivo, mice that had ingested PCP were twelve fold

more susceptible to Salmonella typhimurium than the control mice.
Experiments demonstrating enhanced susceptibility to both
bacterial and viral infection have been reported for a wide variety of
pesticides and related substances {8,11,17,35).

Evaluation of LDso were

conducted a·f ter intraperitoneal challenge with Salmonella typhimurium.
PCP ingestion was found to increase the susceptibility of mice to this
organism.

Mice force fed PCP were found to succumb to bacterial

challenge at fewer numbers of bacteria than corn oil .fed controls
(16,28L' cells and 200,000 cells, respectively).

Host resistance to

Salmonella infection depends primarily on cell-mediated immunity (42);
therefore, this further indicates a suppression ofT cell reactivity.
Since resistance to this organism was decreased even in the absence of
thymic atrophy, this data support the hypothesis that the impairment
primarily affects mature T cells.
4.0

Summary of Immunotoxic Effects of PCP

All levels of PCP ingestion resulted in a reduction in both total
white blood cells and the percentage of lymphocytes.

In combination this
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indi cates a substanti al reduction in the total number of lymphocytes.

A

dose r elated reduction in gamma globulin at the 15 mg/kg/day level was
observed.

Anti body titer against SRBC was only si gnificantly reduced at

the 15 mg /kg/day exposure level.

At the 15 mg/kg/day dosage PCP was

found t o decrea se both IgM and IgG antibody- secreting cells and the
lymphop rol ifera tive response to mitogens.

Such a jeopardization of the

hemato poi et ic and/or lymphoid system can be de terimental to the host's
ability to withs tand infection, disease, and ma lignancy.

The suppression

of the immune res pons e and therefore, the potenti al for susceptibility to
disease and infecti on could explain the poor weight gain and increased
skin le sions tha t has been observed in animals chronical ly expo sed to
PCP.
It has bee n shown in this investiga tion that immunosuppressi on
does occur following PCP exposure.

Th ese findin gs may help to explain

the pos si ble hazard of PCP expos ure for animal and human health.

This is

of both agricultural and medical importance where substantial levels of
PCP exis t.
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Appendix
Phosphate Buffe red Saline (PBS) pH 7.2
gram/liter distilled water
NaCl

8

KCl

0.2

MgCl 2

0.1

Na 2HP04

1.15

KH2P04

0.2

Ammonium Chloride (NH4Cl) pH 7.2
gram/liter distilled water
7.47
2.06

